Mutations of the tumor-suppressor gene ARID1A result in the loss of protein expression of the BRG-associated factor 250a (BAF250a), a large subunit of transcription-regulating Human SWI/SNF complexes, which have an important role in the control of cell proliferation and tumor suppression. ARID1A mutations are particularly frequent in endometriosis-associated ovarian clear cell and endometrioid carcinomas, and were recently described as a possible key mechanism and early step in the transformation of endometriosis into cancer. Here, we examined the immunohistochemical expression pattern of BAF250a in a tissue microarray including 74 endometriosis and 30 endometrium samples. Ovarian cancer samples (n ¼ 136) served as a control. Epithelial BAF250a expression was assessable in 90/104 (87%) and stromal BAF250a expression in 95/104 (91%) of the endometriosis, and endometrium cases due to lack of adequate tissue in some spots. Complete lack of BAF250a expression was observed in three endometriomas (n ¼ 3/20, 15%) and one deep-infiltrating endometriosis sample (n ¼ 1/22, 5%), but in none of the peritoneal endometriosis (n ¼ 0/16) and eutopic endometrium samples (n ¼ 0/30). A comparison of the mean immunoreactivity scores revealed a significantly lower expression rate of BAF250a in endometriomas compared with normal endometrium (Po0.0005), as well as peritoneal (P ¼ 0.003) and deep-infiltrating endometriosis (P ¼ 0.02). Our data demonstrates that a complete loss of BAF250a expression is observable in some endometriotic lesions, especially in endometriomas. In addition, we report that a partial loss of BAF250a expression is occurring in the form of cell clusters indicating a clonal loss of BAF250a expression in these cells. The loss of expression of the tumor-suppressor protein BAF250a in some endometriomas possibly indicates a risk of malignant transformation in these cases, which could be of importance in the determination of individual treatment strategies. However, its role and value as a prognostic parameter in endometriosis needs to be further studied.
Endometriosis is an estrogen-dependent inflammatory disease affecting 5-10% of women of reproductive age. 1, 2 It is defined by the presence of ectopic endometrium-like tissue, and is clinically characterized by chronic pelvic pain, dysmenorrhea, dyspareunia, and infertility. 1, 2 Although endometriosis is a benign disease, a clinical association with ovarian cancer, in particular ovarian clear cell carcinomas and endometrioid ovarian carcinomas, has repeatedly been observed in the past years. [3] [4] [5] There is growing evidence, that endometriosis is linked to ovarian clear cell carcinomas and endometrioid ovarian carcinomas through distinct pathomechanisms. 5, 6 One of them is possibly linked to mutations that result in the subsequent loss of the tumorsuppressor gene AT rich interactive domain 1A (ARID1A). Using whole-exome sequencing, recurrent mutations in ARID1A were recently reported in ovarian clear cell carcinomas and endometrioid ovarian carcinomas by two independent groups. 7, 8 Wiegand et al 7 found mutations in ARID1A in 46% of 119 ovarian clear cell carcinomas and 30% of 33 endometrioid ovarian carcinomas but in none of 76 high-grade serous carcinomas. Likewise, Jones et al 8 observed ARID1A-mutations in 57% of 42 ovarian clear cell carcinomas. Using immunohistochemistry it was demonstrated that ARID1A mutations result in the loss of the protein BRG-associated factor 250a (BAF250a), which is a large subunit of transcriptionregulating Human SWI/SNF complexes and has an important role in the control of cell proliferation and tumor suppression. 7, 9, 10 Recently, Guan et al 11 found somatic ARID1A mutations in 10/25 uterine endometrioid carcinomas, and could also confirm a strong correlation to loss of BAF250a expression by immunohistochemistry.
Further evidence for the importance of mutations in ARID1A in the pathogenesis of endometriosisassociated carcinomas could be seen in two cases, where loss of BAF250a protein expression was observable simultaneously in ARID1A mutated tumors and contiguous atypical endometriosis but not in distant endometriosis. 7 Loss of BAF250a expression could therefore represent a key mechanism and early step in the transformation of endometriosis into cancer. 7, 8 The aim of this study is to examine if loss of BAF250a expression is present in benign endometriotic tissue. Therefore, we examined a large cohort of endometriotic lesions as well as a control cohort of ovarian cancer by immunohistochemistry. As loss of expression of this tumor-suppressor gene is regarded to be an early and crucial mechanism in endometriosis-associated ovarian carcinomas 7, 11 it could be an important indicator of a risk for carcinogenic transformation.
Materials and methods

Patients and Tissue Specimens
The study was approved by the local ethical committee (StV 27-2009 and KEK-ZH-2010-0174/0). ARID1A (BAF250a) expression was examined by immunohistochemistry in two tissue microarrays, one consisting of study cases (ectopic endometriotic tissue and eutopic endometrium) and one of control cases (different ovarian carcinoma subtypes). Clinical and pathological characteristics for the study and the control tissue microarray were collected from the clinical database of the gynecological department and the pathology records of the University Hospital of Zurich.
The study cases included 74 samples of 71 patients with ectopic typical endometriotic tissue (19 peritoneal, 28 deep infiltrating and 27 ovarian) undergoing laparoscopic endometriosis treatment as well as 30 samples of healthy eutopic endometrium from patients undergoing hysterectomies for predominantly benign conditions such as uterine myomas or prolapsed uterus. All tissue samples originated from premenopausal patients. 
Tissue Microarray
The tissue microarrays were constructed using a semiautomatic tissue arrayer (Beecher Instruments, Woodland, TX, USA) as previously described. 12 Tissue samples were fixed in 4% neutral buffered formaldehyde and were embedded in paraffin. Routine hematoxylin/eosin-stained sections were performed for histopathological evaluation. Areas involving endometriotic or tumor tissue were marked respectively. Samples were further selected under the term of tissue availability. Two cylindrical tissue cores of 0.6 mm diameter were punched out from each case of the corresponding paraffin-embedded blocks and inserted into the recipient blocks.
The study tissue microarray block was freshly cut in two-and-a-half micrometer sections and mounted on superfrost slides (Menzel Gläser, Braunschweig, Germany). After antigen retrieval with CC1m-heatinduced epitope retrieval, the slides were incubated with a monoclonal mouse ARID1A antibody (AB-GENT, code: AT1188a), as previously validated, 7, 11, 13 which was diluted 1:200 in Ventana dilution buffer. After incubation for 1 h at room temperature, the staining was further conducted with the Ventana Benchmark automated system (Ventana Medical Systems, Tuscon, AZ, USA). Slides were counterstained with haematoxylin, dehydrated and mounted. The expression analysis was performed by two authors (AN, NS) and was evaluated according to the percentage of positive cells and the staining intensity. Nuclear immunoreactivity was considered as a positive expression. Endothelial cells served as positive internal controls. All BAF250a negative endometriotic cases were confirmed on whole tissue sections. Negative controls were performed by replacement of the primary antibody by non-reactive rabbit IgG (DAKO). Identical procedure was applied for the control tissue microarray block.
Scoring and Statistical Analysis
The percentage of positive cells was scored as: 
Results
Patients with ovarian endometriosis had a mean age (±s.d., range) of 35 (±7, 19-48) years, with peritoneal endometriosis 31 ( ± 4, 25-38) years and with deep infiltrating endometriosis 35 ( ± 5, 25-42) years. The average age of the patients with normal uterine endometrium samples was 40 ( ± 3, 29-44) years. Clinical endometriosis severity score following the American Society for Reproductive Medicine (ASRM) was known for 58/71 (82%) endometriosis patients, with following distribution: ASRM-I, 4/71 (6%); ASRM-II, 7/71 (10%); ASRM-III, 15/71 (21%); and ASRM-IV, 32/71 (45%). Three patients in the study group had a diagnosis of malignant disease. Two of them were cervical carcinomas and were in the eutopic endometrium group and one was a cervical carcinoma with simultaneous pulmonary adenocarcinoma and was in the deep-infiltrating endometriosis group. In particular, no ovarian carcinomas were observed in the study group prior or during the study time. However, all endometriosis cases were from relatively recent time and hence no longer clinical follow-up was available.
In the control group with ovarian tumors, the mean patient age at the time of surgery was 59 ( ± 14) years, ranging from 20 to 87. The median follow-up time of the surviving patients was 59 months. FIGO stages were known in 131 cases as follows: I, 33/131 (25%); II, 10/131 (8%); III, 50/131 (38%); and IV, 38/ 131 (29%). Tumor grades were: G1, 22/136 (16%); G2, 58/136 (43%); and G3, 56/136 (41%). Residual disease status was reported in 90 cases, thereof o1 cm for 26 (29%) cases, 1-2 cm for 27 (30%) and 42 cm for 37 (41%). Data on adjuvant chemotherapy was known for all patients and in the majority a platinum-based combination therapy was administered.
Immunohistochemical staining of BAF250a (epithelial and/or stromal) was assessable in 102/ 104 (98%) of the study cases (endometriosis and endometrium) due to the lack of adequate tissue in some tissue microarray spots. Epithelial BAF250a expression was assessable in 90/104 (87%) of the cases (endometriomas 21/27 (78%), peritoneal endometriosis 17/19 (90%), deep-infiltrating endometriosis 22/28 (79%) and eutopic endometrium 30/30 (100%)). Stromal BAF250a expression was assessable Complete lack of epithelial as well as stromal BAF250a expression was observed in three endometriomas (n ¼ 3/20, 15%) and one deep-infiltrating endometriosis sample (n ¼ 1/22, 5%), and was confirmed by whole tissue sections. There were no negative cases in peritoneal endometriosis and in eutopic endometrium.
Epithelial and stromal BAF250a expression correlated strongly in all endometriosis types as well as in eutopic endometrium. In the cases with heterogeneous BAF250a expression, loss of BAF250a expression principally occurred in large groups of adjacent endometriotic cells, whereas other cell groups in the same sample clearly showed homogeneous positivity for BAF250a. This phenomenon is also reported as 'cell clusters' or 'clonal loss' in the discussion part of this work. The expression pattern of BAF250a in epithelial and stromal endometriosis and uterine endometrium cells is reported in detail in Table 1 . Representative images are shown in Figures 1a-d .
The median immunoreactivity score for epithelial and stromal BAF250a expression in endometriotic lesions was 4 and 3, respectively. The median immunoreactivity score for epithelial BAF250a expression in ectopic endometriosis samples and in eutopic endometrium were 4 (IQR, 2-6) and 6 (IQR, 4-8), respectively (P ¼ 0.008). Considering each endometriosis subgroup, median immunoreactivity score of epithelial BAF250a expression was 2 (IQR, 2-4) in ovarian endometriosis, 6 (IQR, 3.5-8) in peritoneal endometriosis and 4 (IQR, 3-6) in deep-infiltrating endometriosis. Expression rates of epithelial BAF250a were significantly lower in ovarian endometriosis compared with eutopic endometrium (Po0.0005), to peritoneal endometriosis (P ¼ 0.003) and to deepinfiltrating endometriosis (P ¼ 0.02), as represented in Figure 2 .
Immunohistochemical analysis was successful in 129/136 ovarian carcinomas owing to the lack of . We found that negative BAF250a expression was significantly associated with clinico-pathological factors like FIGO stage, tumor-and nodal stage, endometrioid histological subtype, intraoperative residual disease and patient age but not with tumor differentiation (grade) as indicated in Table 2 .
Discussion
Transformation of endometriosis into cancer is a rare event. 15 The pathogenesis, however, is still not well understood. 5, 16 Historically, Sampson 17 reported the first case of malignant transformation of endometriosis into an ovarian carcinoma. In the past years there is growing evidence for the relevance of a pathogenic link between these two diseases. 6 Several studies indicated that in women with ovarian endometriosis there is an increased risk for the development of epithelial ovarian cancer, especially the histological subtypes of ovarian clear cell carcinomas and endometrioid ovarian carcinomas. 4 4 reported 46 cases of ovarian carcinomas in a large prospective population-based Japanese study with an ovarian endometriosis cohort of 6398 women and a follow-up of up to 17 years. It was shown that women with ovarian endometriomas in this cohort had a ninefold increased risk to develop ovarian cancer. 3, 4 As shown on the other hand by Vercellini et al 20 in 556 patients that underwent surgery for ovarian cancers, the frequency of simultaneous endometriosis was also significantly higher with 26.3, 21.1 and 22.2% in cases with endometrioid ovarian carcinomas, ovarian clear cell carcinomas or mixed subtypes, respectively, compared with 3.6-5.6% in serous, mucinous and miscellaneous ovarian cancers. In another study with 127 patients with primary ovarian carcinomas endometriosis rates of 70% were reported for ovarian clear cell carcinomas (30/43) and 43% for endometrioid ovarian carcinomas (3/7), whereas only 7% of the serous carcinomas (4/60) and none of the mucinous carcinomas (0/17) showed simultaneous endometriosis. Moreover, the authors described 29 cases of atypical endometriosis in this cohort and demonstrated evidence for the transition from atypical endometriosis to carcinoma in 23 cases. 21 Another study reported an endometriosis rate of 37% in a large series of 221 patients with endometrioid ovarian carcinomas. 23 Epidemiological data indicates an early onset of endometriosis-associated ovarian carcinomas such as ovarian clear cell carcinomas and endometrioid ovarian carcinomas. 3, 4, 24 In western countries ovarian clear cell carcinomas account for 12% of epithelial ovarian carcinomas and endometrioid ovarian carcinomas for 11%, whereas serous carcinomas are the most common subtype with 68%. 25 In Asian countries as in Japan, the percentage of ovarian clear cell carcinomas is even higher with more than 20%, 26 which is remarkable as studies report a higher prevalence of endometriosis in Asian women. 27 Ovarian clear cell carcinomas are relatively resistant to conventional platinum-or taxane-based therapy and are associated with a poor prognosis especially in more advanced stages. 3, 26, 28 Identification of biomarkers for an increased risk of malignant transformation in endometriosis could improve early detection of endometriosis-associated epithelial ovarian cancers. Lack of BAF250a, as a potential early event in the carcinogenesis, could possibly serve as screening for endometriotic lesions at high-risk for the development of ovarian clear cell carcinomas or endometrioid ovarian carcinomas. 29 We used immunohistochemical staining of BAF250a (ARID1A) as a surrogate marker for ARID1A mutations as previously validated, 7, 11, 13 as the small endometriotic samples obtained after laparoscopic biopsies would not yield a sufficient amount of DNA for screening ARID1A mutations after microdissection Figure 2 Immunoreactivity score in endometriosis and endometrium. The immunoreactivity score 14 for BAF250a was significantly lower in ovarian endometriosis compared with eutopic endometrium (Po0.0005), to peritoneal endometriosis (P ¼ 0.003) and to deep-infiltrating endometriosis (P ¼ 0.02), as represented in this chart diagram (calculated with a Kruskal-Wallis test).
ARID1A/BAF250a deficiency in endometriosis EP Samartzis et al using Sanger sequencing. We found complete lacking of BAF250a expression in three of the examined endometriomas and in one deep-infiltrating endometriotic lesion. Moreover, we observed that in most of the partly negative BAF250a cases lack of expression occurred in the form of grouped cell clusters.
According to Guan et al, 11 this cluster-like negative expression pattern indicates a clonal loss of BAF250a in the concerned cells and happens only in ARID1A mutated clones.
Recent studies support that serous ovarian tumors arise from implantation of epithelium (benign or ARID1A/BAF250a deficiency in endometriosis malignant) from the fallopian tube. 6 This theory also supports the fact that ovarian clear cell carcinomas and endometrioid ovarian carcinomas represent a different entity and that ovarian endometriotic inclusion cysts (endometriomas) are regarded as precursor of these tumors, originating from retrograde menstruation. 6 There is evidence that eutopic endometrium in women with endometriosis exhibits intrinsic molecular abnormalities such as activation of oncogenic pathways. 1, 6 Some epidemiological studies demonstrated a lower risk for ovarian clear cell carcinomas and endometrioid ovarian carcinomas after tubal ligation or hysterectomy. [30] [31] [32] A recent proposition for an ovarian cancer risk-assessment tool integrated endometriosis as well as no tubal ligation each as one of totally eight conditions associated with ovarian cancer.
33
ARID1A mutations are supposed to have a key role in the formation of endometriosis-associated ovarian carcinomas and are probably occurring early, already at the stage of endometriosis. 7 Ovarian cancer arises from the inclusion of epithelial cells into the ovarian stromal tissue. 6 It seems evident that cluster-like ARID1A mutated clones in such inclusion cysts could therefore have a key role in the malignant transformation of these cysts. 6, 7, 11 We demonstrate that complete loss of BAF250a expression occurs in a minority of endometriosis cases, mainly in endometriomas, without any evidence of malignant diagnosis at the moment of the operation. Additionally, we demonstrate that cluster-like loss of BAF250a expression can be shown in some further cases, implicating a clonal BAF250a expression deficiency.
11 By these results, we corroborate that BAF250a expression deficiency in endometriosis is not restricted to tumor contiguous lesions and that loss of BAF250a expression can be observed already in benign endometriotic lesions, and could therefore indicate a risk of malignant transformation.
However, many questions need still to be answered, principally about the clinical consequences and the reasonability of a BAF250a screening in (ovarian) endometriosis. Further prospective and larger clinical studies are needed to answer these questions.
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